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QOS SCHEDULER AND METHOD FOR
IMPLEMENTING QUALITY OF SERVICE
ANTICIPATING THE END OF A CHAIN OF
FLLOWS

FIELD OF THE INVENTION

The present invention relates generally to the storage and
data networking fields, and more particularly, relates to a
QoS scheduler, scheduling method, and computer program
product for implementing Quality-of-Service (QoS) sched-
uling with detecting and anticipating the end of a chain of
flows.

RELATED APPLICATIONS

Related U.S. patent applications by William John Goet-
zinger, Glen Howard Handlogten, James Francis Mikos, and
David Alan Norgaard and assigned to the present assignee
arc being filed on the same day as the present patent
application including:

U.S. patent application Ser. No. 10/004,373, entitled
“QoS SCHEDULER AND METHOD FOR IMPLEMENT-
ING PEAK SERVICE DISTANCE USING NEXT PEAK
SERVICE TIME VIOLATED INDICATION?;

U.S. patent application Ser. No. 10/002,416, entitled
“QoS SCHEDULER AND METHOD FOR IMPLEMENT-
ING QUALITY OF SERVICE WITH AGING TIME
STAMPS”;

U.S. patent application Ser. No. 10/004,440, entitled
“QoS SCHEDULER AND METHOD FOR IMPLEMENT-
ING QUALITY OF SERVICE WITH CACHED STATUS
ARRAY”;

U.S. patent application Ser. No. 10/016,518, entitled
“WEIGHTED FAIR QUEUE HAVING EXTENDED
EFFECTIVE RANGE”;

U.S. patent application Ser. No. 10/015,994, entitled
“WEIGHTED FAIR QUEUE SERVING PLURAL OUT-
PUT PORTS”;

U.S. patent application Ser. No. 10/015,760, entitled
“WEIGHTED FAIR QUEUE HAVING ADJUSTABLE
SCALING FACTOR”; and

U.S. patent application Ser. No. 10/002,085, entitled
“EMPTY INDICATORS FOR WEIGHTED FAIR
QUEUES”.

DESCRIPTION OF THE RELATED ART

Storage and data networks are designed to support the
integration of high quality voice, video, and high speed data
tratfic. Storage and data networking promises to provide
transparent data sharing services at high speeds. It 1s easy to
sec that rapid movement and sharing of diagrams, pictures,
movies, audio, and the like requires tremendous bandwidth.
Network management 1s concerned with the efficient man-
agement of every bit of available bandwidth.

A need exasts for a high speed scheduler for networking
that ensures the available bandwidth will not be wasted and
that the available bandwidth will be efficiently and fairly
allocated. The scheduler should permit many network traffic
flows to be individually scheduled per their respective
negotiated Quality-of-Service (QoS) levels. This would give
system administrators the ability to efficiently tailor their
gateways, switches, storage area networks (SANs), and the
like. Various QoS can be set up using combinations of
precise guaranteed bandwidth, required by wvideo {for
example, and limited or unlimited best effort bandwidth for
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still pictures, diagrams, and the like. Selecting a small
amount of guaranteed bandwidth with the addition of some
bandwidth from the pool of best effort bandwidth should
guarantee that even during the highest peak periods, critical
data will be delivered to 1ts application at that guaranteed
rate.

A scheduler advantageously may be added to a network
processor to enhance the quality of service (QoS) provided
by the network processor subsystem.

Many times, multiple flows compete for the same physi-
cal queue entry; since there 1s only a single physical queue
entry at that point only one of the flow 1dentifiers 1s stored
in the entry while the remaining flows are chained to the
flow entry using a linked list. When the selection algorithm
identifies an entry to be serviced, the flow identification is
read and the next flow in the chain 1s written to the entry, and
the selection process begins again. The same entry may or
may not be selected for servicing, depending on many QoS
factors.

Aneed exists for a method to determine that the end of the
chain has been reached, removing the entry from the selec-
tion process. As the speed of scheduling increases, 1t has
become 1mpractical to wait for the final flow in the chain to
be read from memory and written to the physical queue for
subsequent searching or determining that the flow 1s the end
of the flow chain. This requires that the end of chain be
anticipated to allow at speed scheduling.

SUMMARY OF THE INVENTION

A principal object of the present invention 1s to provide a
QoS scheduler, scheduling method, and computer program
product for implementing Quality-of-Service (QoS) sched-
uling with detecting and anticipating the end of a chain of
flows. Other important objects of the present invention are
to provide such QoS scheduler, scheduling method, and
computer program product for implementing Quality-of-
Service (QoS) scheduling with detecting and anticipating the
end of a chain of flows substantially without negative effect
and that overcome many of the disadvantages of prior art
arrangements.

In brief, a QoS scheduler, scheduling method, and com-
puter program product are provided for implementing Qual-
ity-of-Service (QoS) scheduling with detecting and antici-
pating the end of a chain of flows. A first indicator 1s
provided for indicating a number of flows being chained to
a physical entry. A second indicator 1s provided for indicat-
ing when the first indicator has saturated. The second
indicator 1s set active for a flow whose chaining causes the
first 1indicator to saturate. During de-chaining of the tlows
from the physical entry, the second indicator i1s used to
determine when the first indicator becomes accurate to begin
decrementing the first indicator. The first indicator 1s dec-
remented for detecting the end of the chain of flows.
Responsive to the first indicator being not saturated, the first
indicator 1s used for anticipating the end of a chain of tlows.

In accordance with features of the invention, the first
indicator and the second indicator include a predefined
number of bits or n-bits. The first indicator includes n-1 bits
stored 1n a physical entry and the second indicator includes
1-bit stored 1n a chained link list.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention together with the above and other
objects and advantages may best be understood from the
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following detailed description of the preferred embodiments
of the mvention 1illustrated in the drawings, wherein:

FIG. 1A 1s a block diagram 1llustrating a network proces-
sor system 1ncluding a scheduler for carrying out scheduling
methods for implementing Quality-of-Service (QoS) sched-
uling with detecting and anticipating the end of a chain of
flows of the preferred embodiment;

FIG. 1B 1s diagram providing a graphical illustration of
various types of QoS algorithms in accordance with the
preferred embodiment;

FIG. 2 1s a high-level system diagram 1llustrating the QoS
scheduler for carrying out scheduling methods for imple-
menting Quality-of-Service (QoS) scheduling with detecting
and anticipating the end of a chain of flows of the preferred
embodiment;

FIG. 3A 1s a diagram 1llustrating a pair of novel indicators
provided 1n accordance with the preferred embodiment for
implementing Quality-of-Service (QoS) scheduling with
detecting and anficipating the end of a chain of flows;

FIG. 3B 1s a diagram 1llustrating the operation of the pair
of novel indicators of FIG. 3A as a chain of flows 1s built to
a length of 5 and then reduced to a length of 0;

FIGS. 4 and § are flow charts illustrating exemplary
sequential steps for carrying out scheduling methods for
implementing Quality-of-Service (QoS) scheduling with
detecting and anticipating the end of a chain of flows of the
preferred embodiment; and

FIG. 6 1s a block diagram 1illustrating a computer program
product 1n accordance with the preferred embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Having reference now to the drawings, in FIG. 1A, there
1s shown a network processor system generally designated
by the reference character 100 including a QoS scheduler
200 for carrying out scheduling methods for implementing,
Quality-of-Service (QoS) scheduling with detecting and
anticipating the end of a chain of flows 1n accordance with
the preferred embodiment. As shown 1n FIG. 1A, network
processor system 100 includes a network processor 102 that
executes software responsible for forwarding network traf-
fic. Network processor 102 includes hardware assist func-
fions for performing operations, such as table searches,
policing, and statistics tracking. A datatlow 104 serves as the
primary data path for transmitting and receiving data flow
tratfic, for example, via a network mterconnect 106 and/or a
switch fabric interface 108. Dataflow 104 provides an inter-
face to a large data store memory 110 for buffering of traffic
bursts when an incoming frame rate exceeds an outgoing,
frame rate. An external flow queue memory 112 1s coupled
to scheduler 200. As performance of network processor 102
continues to 1ncrease, unique techniques and design solu-
tions enable the QoS scheduler 200 to perform reliably at

these high data rates.

Scheduler 200 of the preferred embodiment permits many
network traffic flows, for example, 64 thousand (64K)
network traffic flows to be individually scheduled per their
respectwe assigned Quality-of-Service (QoS) level. Each
flow 1s basically a one-way connection between two ditfer-
ent points. QoS parameters are held in a flow queue control
block (FQCB), such as in the external flow queue memory
112. QoS parameters include sustained service distance
(SSD), peak service distance (PSD), queue distance (QD),
port identification (ID), and the like. There can be, for
example, 64 thousand flows and a FQCB for each flow.
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FIG. 1B provides a graphical 1llustration of various types
of QoS algorithms. The scheduler 200 provides for quality
of service by maintaining flow queues that may be scheduled
using various algorithms, such as a set guaranteed band-
width, or best effort or weighted fair queue (WFQ) with or
without a peak bandwidth service (PBS) limit. The best
effort or weighted fair queue 1s limited via the peak service
distance (PSD) QoS parameter. The guaranteed bandwidth is
set via the sustained service distance (SSD) QoS parameter.
A combination of these algorithms provide efficient utiliza-
tion of available bandwidth. The scheduler 200 supplements
the congestion control algorithms of datatlow 104 by per-
mitting frames to be discarded based on per flow queue
thresholds.

Referring now to FIG. 2, there 1s shown a high-level
diagram 1llustrating the scheduler 200 for carrying out
scheduling methods of the preferred embodiment. Scheduler
200 includes a bus interface 202 coupled to a system bus 204
interconnecting modules in the system 100. Chipset mes-
sages are exchanged between modules using system bus
204. Messages include flow enqueue requests which add
frames to a given flow and read and write requests. Sched-
uler 200 includes a message buifer 206, such as a first-in
first-out (FIFO) message buffer, that stores messages until
they are ready to be executed. Scheduler 200 includes a
queue manager 208 coupled to the message buffer 206.
Queue manager 208 processes the mmcoming messages to
determine what action 1s required. Queue manager 208 1is
coupled to calendars and rings block 220 and a memory
manager 224. A winner partition 222 arbitrates between the
calendars and rings 220 to choose which flow will be
serviced next. The memory manager 224 coordinates data
reads from and writes to a first and second external static
random access memory (SRAM) 226 and 228 and an
internal memory array 230.

For a flow enqueue request received by queue manager
208, the flow’s FQCB 1nformation 1s retrieved from one of
the external SRAM 226 or 228 or internal array 230 and
examined to determine if the new frame should be added to
an existing frame string for a given flow, start a new frame
string, or be discarded. In addition, the flow queue may be
attached to a calendar or ring for servicing in the future.
Read and write request messages received by queue man-
ager 208 are used to mitialize flows.

Port back-pressure from the datatflow 104 to the scheduler
200 occurs via the port status request message originated
from the dataflow and applied to the calendar and rings
block 220. When a port threshold 1s exceeded, all WFQ and
PBS traflic associated with that port 1s held 1n the scheduler
200 and the selection logic of winner partition 222 does not
consider those flows potential winners. When port back-
pressure 1s removed, the flows associated with that port are
again eligible to be winners.

Calendars and rings block 220 includes, for example,
three calendars (low latency service (LLS), normal latency
service (NLS), peak bandwidth service (PBS)) and weighted
fair queues (WFQs). The calendars are time based. The
welghted fair queues (WFQs) are weight based. The WFQs
are also referred to as best effort queues because WEFQs can
only schedule excess bandwidth and therefore can have no
bandwidth guarantee associated with them.

Flows are attached to one or more of three calendars
(LLS, NLS, PBS) and one WFQ ring 220 in a manner
consistent with 1ts QoS parameters. For example, 1f a flow
has a guaranteed bandwidth component, it 1s attached to a
time based calendar. If a flow has a WFQ component, it 1s
attached to the WFQ ring. A flow may have both a guaran-
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teed and best effort or WFQ component. The calendars 220
are used to provide guaranteed bandwidth with both a low
latency service (LLS) and a normal latency service (NLS)
packet rate. Flows are scheduled for service at a certain time

in the future. WFQ rings are used by the weighted fair
queuing algorithm. Entries are chosen based upon position
in the WFQ rings 220 without regard to time. The WFQ
rings 220 are work conserving or 1dle only when there are no
flows to be serviced. A flow set up using a WFQ ring can
optionally have a peak bandwidth limit associated with it.

Scheduler 200 performs high speed scheduling, for
example, processing 27 Million {frames per second
(Mframes/second). Scheduling rates per flow for the LLS,
NLS and PBS calendars 220 range, for example, from 10
Giga bits per second (Gbps) to 3.397 Thousand bits per
second (Kbps). Rates do not apply to the WFQ ring.

SRAM 226 1s an external high speed, for example, quad
data rate (QDR) SRAM containing flow queue information
or flow queue control block (FQCB) information and frame
information or frame control block (FCB) information.
SRAM 228 1s, for example, an optional external QDR
SRAM containing flow queue information or flow queue
control block (FQCB) depending on the number of flows.
Internal array 230 contains for example, 4K FQCB or 64K
aging nformation. Internal array 230 may be used 1n place
of the external SRAM 228 if less than four thousand (4K)
flows are required and 1s also used to hold time stamp aging
information. Internal array 230 containing FQCB aging
information 1s used with logic that searches through the
flows and 1nvalidates expired time stamps.

Queue manager 208 performs the queuing operation of
scheduler 200 generally as follows: A linked list or string of
frames 1s associated with each flow. Frames are always
enqueued to the tail of the linked list. Frames are always
dequeued from the head of the linked list. Flows are attached
to one or more of four calendars/rings (LLS, NLS, PBS,
WFQ) 220 using the QoS parameters. Selection of which
flow to service 1s done by examining the calendars/rings 220
in the order of LLS, NLS, PBS, WFQ. Then the frame at the
head of the selected flow 1s selected for service. The flow
queues are not grouped 1n any predetermined way to target
port. The port number for each flow 1s user programmable.
All WFQ flows with the same port ID are attached to the
same WFQ ring. The QoS parameters also apply to the
discard flow. The discard flow address 1s user selectable and
1s set up at configuration time.

When a flow enqueue request 1s sent to the scheduler 200,
its frame 1s tested for possible discard using information
from the flow enqueue request message and information
stored 1in the FQCB. If the frame 1s to be discarded then the
FQCB pointer 1s changed from the FQCB 1n flow enqueue
request message to the discard FQCB. Alternatively, the
frame 1s added to the tail end of the FCB chain associated
with the FQCB. In addition, the flow 1s attached 1if 1t 1s not
already attached to the appropriate calendar (LSS, NLS,
PBS), or ring (WFQ). As time passes, selection logic of

winner partition 222 determines which flow 1s to be serviced
(first LLS, then NLS, then PBS, then WFQ). If a port

bandwidth threshold has been exceeded, the WFQ and PBS
component associated with that port are not eligible to be

selected. When a flow 1s selected as the winner, the frame at
the head of the FCB chain for the flow 1s dequeued and a port

enqueue response message 1s 1ssued to the datatlow 104. It

the flow 1s eligible for a calendar reattach, the flow 1is
reattached to the appropriate calendar (LLS, NLS, PBS, or
WFQ) in a manner consistent with the QoS parameters.

10

15

20

25

30

35

40

45

50

55

60

65

6

To implement QoS scheduling, entries in physical queues
representing either time or weight relationships between
flows are used to store flow idenfification information.
Algorithms search to find occupied entries and read the
contents to determine the flow that i1s to be serviced next.

In accordance with features of the preferred embodiment,
the prior art problems of detecting the end of chain and
anticipating the end of chain in a manner consistent with a
high speed scheduling implementation are addressed while
adding minimal hardware. A scheduling method of the
preferred embodiment determines that the end of a chain of
flows on a calendar entry or ring entry has been reached so
that the entry can be removed from the selection process;
and that anticipates the end of chain to allow at speed
scheduling.

FIG. 3A 1llustrates a pair of novel indicators 300 and 302
provided 1n accordance with the preferred embodiment for
implementing Quality-of-Service (QoS) scheduling antici-
pating the end of a chain of flows. Indicator 300 consists of,
for example, two additional bits stored in each physical entry
304 and the mdicator 302 includes one additional bit stored
in each flow chain linked list 306. Initially, the physical entry
304 1s empty. Flow 1 arrives and 1s written to the entry. Flow
2 arrives and 1s written to the entry, and contains a pointer
to flow 1. Flow 3 arrives and 1s written to the entry, and
contains a pointer to flow 2, and the like. When the chain has
length §, the ordering 1s: flow 5>flow 4>flow 3>tlow 2>1low
1. FIG. 3A1llustrates chaining of 5 flows 1n a flow chain 308.

In the preferred embodiment, the 2-bit indicator 300 1n the
physical entry 304 acts as a counter that saturates at a
maximum value of 3, while the 1-bit indicator 302 1n the
chain linked list 306 1s an indicator of the accuracy of the
counter. The key ftransition 1s that as the chain 308 1is
reduced, the 1-bit indicator 302 in the chain linked list 306
indicates when the 11 value of 2-bit indicator 300 1n the
physical entry 304 1s valid, which enables the 2-bit counter
indicator 300 to not only detect, but also anticipate the end
of chain.

It should be understood that the present invention 1s not
limited to the 3-bit implementation for indicators 300 and
302. The 3-bit implementation 1s optimized to provide
sufficient end of chain anticipation while minimizing addi-
tional hardware required to implement the mvention. This
invention 1s easily extended beyond the 3-bit implementa-
tions, mainly to an n-bit implementation where n-1 bits of
indicator 300 1n the physical entry 304 act as a counter that
saturates at a maximum value (2" '-1), while the 1 bit of
indicator 302 1n chain linked list 306 1s an indicator of the
accuracy of the counter.

Referring also to FIG. 3B, the 2-bit mdicator 300 1n
physical queue entry 304 is a count of the number of flows
attached to the entry and saturates at a value of 3. When this
occurs, the 1-bit indicator 302 1n the linked list 306 1s set at
1 to indicate saturation. If a 4th flow 1s chained, its 1-bit
indicator 302 in the linked list 306 1s set at 0. The linked list
1-bit indicator 302 for all subsequent flows 1s also set to O.
Upon de-chaining, when flow 2 entry 1s accessed, its linked
list 1-bit indicator 302 1s 1, indicating that the 2-bit indicator
300 1n physical queue entry 304 1s once again accurate and
1s used to anticipate the end of chain. In FIG. 3B, the
indicators 300 and 302 operate as shown as the chain 308 1s
built up to a length of 5 and then reduced to length of 0.

FIGS. 4 and § are flow charts illustrating exemplary
sequential steps for carrying out scheduling methods for
implementing Quality-of-Service (QoS) scheduling with
detecting and anticipating the end of a chain of flows of the
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preferred embodiment. FIG. 4 1llustrates a chaining portion
of the invention. FIG. 5 illustrates a de-chaining portion of
the 1nvention.

Referring now to FIG. 4, exemplary sequential steps for
chaining flows begin with queue entry contents of a physical
queue entry 304 being read for adding a flow to the entry as
indicated 1n a block 400. Checking for the position being
occupied 1s performed as indicated 1in a decision block 402.
If the position 1s not occupied, the flow ID 1s written to the
physical queue entry 304 as indicated 1n a block 406. Then
the counter value of indicator 300 1s incremented as indi-
cated 1n a block 408. Then the sequential operations can
return to block 400 and queue entry contents are read for
adding a flow to the entry. If the position 1s occupied, the
flow ID 1s written to the physical queue entry 304 as
indicated 1 a block 410. Then the previous flow ID 1is
chamed to the new flow ID as indicated mn a block 412.
Checking for counter saturation 1s performed as indicated 1n
a decision block 414. If the counter value of indicator 300
is saturated, then the end of chain (EOC) bit of indicator 302
1s reset as indicated 1 a block 416. Then the sequential
operations can return to block 400 and queue entry contents
are read for adding a flow to the entry. If the counter value
of indicator 300 1s not saturated, then the counter value of
indicator 300 1s incremented as indicated 1n a block 418.
Checking for counter saturation 1s performed as indicated 1n
a decision block 420. If the counter value of indicator 300
is saturated, then the end of chain (EOC) bit of indicator 302
1s set as indicated in a block 422. Then the sequential
operations can return to block 400 and queue entry contents
are read for adding a flow to the entry. If the counter value
of indicator 300 is not saturated, then the end of chain (EOC)
bit of indicator 302 is reset as indicated 1n a block 424. Then
the sequential operations can return to block 400 and queue
entry contents are read for adding a flow to the entry.

Referring now to FIG. 5, exemplary sequential steps for
de-chaining flows begin with queue entry contents of a
physical queue entry 304 being read as indicated 1n a block
500. Checking if the counter value of indicator 300 1is
saturated 1s performed as indicated 1 a decision block 502.
If the counter value of indicator 300 1s not saturated, then the
counter value of indicator 300 1s used for anticipating the
end of chain and the counter value of indicator 300 1is
decremented as indicated 1n a block 504. Then the sequential
operations return to block 500 and queue entry contents are
read. If the counter value of indicator 300 1s saturated, then
checking if the end of chain (EOC) bit of indicator 302 is set
1s performed as mndicated 1n a decision block 506. If the end
of chain (EOC) bit of indicator 302 is set, then the counter
value of indicator 300 1s used to detect the end of chain and
the counter value of indicator 300 1s decremented as indi-
cated 1 a block 508. Then the sequential operations return
to at block 500 and queue entry contents are read. If the end
of chain (EOC) bit of indicator 302 is not set, then the
sequential operations return to at block 500 without decre-
menting the counter value of indicator 300 and queue entry
contents are read.

Referring now to FIG. 6, an article of manufacture or a
computer program product 600 of the invention 1s 1llus-
trated. The computer program product 600 includes a
recording medum 602, such as, a floppy disk, a high
capacity read only memory 1n the form of an optically read
compact disk or CD-ROM, a tape, a transmission type media
such as a digital or analog communications link, or a similar
computer program product. Recording medium 602 stores

program means 604, 606, 608, 610 on the medium 602 for
carrying out scheduling methods for implementing Quality-
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of-Service (QoS) scheduling detecting and anticipating the
end of a chain of flows of the preferred embodiment 1n the
system 100 of FIG. 1.

A sequence of program 1nstructions or a logical assembly
of one or more 1nterrelated modules defined by the recorded
program means 604, 606, 608, 610, direct the computer
system 100 for carrying out scheduling methods for imple-
menting Quality-of-Service (QoS) scheduling detecting and
anticipating the end of a chain of tlows of the preferred
embodiment.

While the present invention has been described with
reference to the details of the embodiments of the invention
shown 1n the drawing, these details are not intended to limat
the scope of the invention as claimed 1n the appended
claims.

What 1s claimed 1s:

1. A QoS scheduler for implementing Quality-of-Service
(QoS) scheduling with detecting and anticipating the end of
a chain of flows comprising;:

a first indicator for mdicating a number of flows being

chained to a physical entry;

a second 1ndicator for indicating when said first indicator

has saturated; said second indicator being set active for
a flow whose chaining causes said {first indicator to
saturate;

during de-chaining of said flows from said physical entry,

said second indicator being used to determine when
said first indicator becomes accurate to begin decre-
menting said first indicator for detecting the end of the
chain of flows; and after said first indicator 1s decre-
mented, said first indicator being not saturated for
anticipating the end of a chain of flows.

2. A QoS scheduler for implementing Quality-of-Service

(QoS) scheduling as recited in claim 1 wherein said first
indicator and said second indicator include a predefined
number of bits (n-bits).

3. A QoS scheduler for implementing Quality-of-Service
(QoS) scheduling as recited in claim 2 wherein said first
indicator mcludes n—1 bits and wherein said second indica-
tor includes 1-bit.

4. A QoS scheduler for implementing Quality-of-Service
(QoS) scheduling as recited in claim 2 wherein said flow
whose chaining causes said first indicator to saturate equals
a chained flow number of (2"'-1).

5. A QoS scheduler for implementing Quality-of-Service

(QoS) scheduling as recited in claim 2 wherein said first
indicator and said second indicator include three bits
(3-bits).

6. A QoS scheduler for implementing Quality-of-Service
(QoS) scheduling as recited in claim 5 wherein said first
indicator 1ncludes 2-bits and said second indicator includes
1-bit.

7. A QoS scheduler for implementing Quality-of-Service
(QoS) scheduling as recited in claim 6 wherein said flow
whose chaining causes said first indicator to saturate equals
a chained flow number of (2""'-1) or three and wherein
second 1ndicator 1s set active.

8. A QoS scheduler for implementing Quality-of-Service
(QoS) scheduling as recited in claim 1 wherein said second
indicator being active during de-chaining of said flows from
said physical entry for said chained flow number of (2"~'-1)
or three, indicates said first indicator becomes accurate to
begin decrementing said first indicator for detecting the end
of the chain of flows; and said first indicator being not
saturated for anticipating the end of a chain of flows.




US 6,982,956 B2

9

9. A QoS scheduler for implementing Quality-of-Service
(QoS) scheduling as recited in claim 1 wherein said first
indicator 1s stored in said physical queue entry.

10. A QoS scheduler for implementing Quality-of-Service
(QoS) scheduling as recited in claim 1 wherein said second
indicator 1s stored 1n a chain linked list of the chain of flows.

11. A scheduling method for implementing Quality-of-
Service (QoS) scheduling with detecting and anticipating the
end of a chain of flows comprising the step of:

during chaining of flows to a physical entry; providing a

first indicator for indicating a number of flows being
chained to a physical entry;

providing a second indicator for indicating when said first

indicator has saturated; setting said second indicator
active for a flow whose chaining causes said first
indicator to saturate;

during de-chaining of flows from said physical entry,

responsive to 1dentifying second indicator as being set
active, decrementing said first indicator; responsive to
decrementing said first indicator, identifying said first
indicator as not saturated for anticipating the end of a
chain of flows; and said first indicator being decre-
mented for detecting the end of the chain of flows.

12. A scheduling method for implementing Quality-of-
Service (QoS) scheduling with detecting and anticipating the
end of a chain of flows as recited 1n claim 11 wherein the
steps of providing said first indicator and providing said
second 1ndicator includes the steps of providing a predefined
number of bits (n-bits) for said first indicator and said second
indicator; utilizing n-1 bits for said first indicator and
utilizing 1-bit for said second indicator.

13. A scheduling method for implementing Quality-of-
Service (QoS) scheduling with detecting and anticipating the
end of a chain of flows as recited 1n claim 12 wherein the
step of setting said second indicator active for said flow
whose chaining causes said {first indicator to saturate
includes the step of setting said second indicator active for
a How number equal to a maximum value of said first
indicator of (2" '-1).

14. A scheduling method for implementing Quality-of-
Service (QoS) scheduling with detecting and anticipating the
end of a chain of flows as recited in claim 13 includes the
steps of setting said second indicator 1nactive for all flow
numbers being chained to said physical entry greater than
said maximum value of said first indicator of (2" '-1).

15. A scheduling method for implementing Quality-of-
Service (QoS) scheduling with detecting and anticipating the
end of a chain of flows as recited in claim 11 wherein the
steps during de-chaining of flows from said physical entry,
responsive to 1dentifying second indicator as being set
active, decrementing said first indicator; responsive to dec-
rementing said first indicator, identifying said first indicator
as not saturated for anticipating the end of a chain of flows;
and said first indicator being decremented for detecting the
end of the chain of flows 1ncludes the steps of checking said
first indicator value for being saturated; responsive to said
first 1indicator value being saturated, checking said second
indicator for bemng active; and responsive to said second
indicator not being active, maintaining said first indicator.
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16. A scheduling method for implementing Quality-of-
Service (QoS) scheduling with detecting and anticipating the
end of a chain of flows as recited 1n claim 15 wherein the
step of 1dentifying said first indicator as not being saturated
for anticipating the end of a cham of flows further includes
the steps, responsive to said first indicator not being satu-
rated, utilizing a counter value of said first indicator for
anticipating the end of a chain of flows.

17. A computer program product for implementing Qual-
ity-of-Service (QoS) scheduling of a plurality of flows with
detecting and anticipating the end of a chain of flows, said
computer program product including a plurality of computer
executable instructions stored on a computer readable
medium, wherein said instructions, when executed by said
scheduler, cause said scheduler to perform the steps of:

storing a first indicator in a physical entry for indicating
a number of flows being chained to said physical entry;

storing a second indicator in a chain linked list of the
chain of flows for indicating when said first indicator
has saturated; setting said second indicator active for a
flow whose chaining causes said first indicator to
saturate,

during de-chaining of said flows from said physical entry,
using said second 1ndicator to determine when said first
indicator becomes accurate to begin decrementing said
first indicator for detecting the end of the chain of
Hows; and after said first indicator 1s decremented,
anticipating the end of the chain of flows responsive to
said first indicator being not saturated.

18. A computer program product for implementing Qual-
ity-of-Service (QoS) scheduling of a plurality of flows with
detecting and anticipating the end of a chain of flows as
recited 1n claim 17 wherein the steps of storing said first
indicator and storing said second indicator includes the steps
of storing n—1 bits for said first indicator m said physical
entry for indicating a number of flows being chained to said
physical entry and storing 1-bit for said second indicator in
sald chain linked list of the chain of flows for indicating
when said first indicator has saturated.

19. A computer program product for implementing Qual-
ity-of-Service (QoS) scheduling of a plurality of flows with
detecting and anticipating the end of a chain of flows as
recited 1n claim 18 wherein the step of setting said second
indicator active for said flow whose chaining causes said
first indicator to saturate includes the step of setting said
second 1ndicator active for a flow number equal to a maxi-
mum value of said first indicator of (2"'-1).

20. A computer program product for implementing Qual-
ity-of-Service (QoS) scheduling of a plurality of flows with
detecting and anticipating the end of a chain of flows as
recited 1n claim 19 includes the steps of setting said second
indicator mactive for all flow numbers being chained to said
physical entry greater than said maximum value of said first

indicator of (2% '-1).




	Front Page
	Drawings
	Specification
	Claims

